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ABOTRAGT 


In a linear delta modulator (IDM) system relatively 
small Value of step size gives rise to slope overloatJ 
noise » wliile large value of step size increases grautilar 
noise, This present thesis reports various methods of 
modifying the LDM system for improvement of its 
overload performance. Some of them are developed in 
the laboratory which finally gave rise to better overload 
performance than the LDM, Results of the developed systems 
have been included. 
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chapter 1 

imODUCTIOH 

1.1 Lin ear Delta M odulator ; 

A linear delta modnlator (LDM) produces binary pulses 
at its output which, represent the sign of the difference 
between the input and feed back signal - hence the prefix ( 

* delta % fhe modulation process is linear as the local 

■ f 

decoder, i.e. an int egrat er , is a linear network. Delta 
modulator a,cts as an analogue to digital converter having ; 

an analogue input signal X\t) and a binary output signal 

' I 

L(t), She rate of occurence of each binary pulse is directly [ 

' • I 

proportional to the instantaneous slope x(t). If the slope [ 

of the input signal x(t) is positive then output waveform j 

l(t) has more positive values than negative ones. Ihe I 

situation is reversed when x(t) has a negative slope, The 

step size is assumed to be a constant in linear Delta Modulation 

(LDM) i.e. there is no modification done in step size in 

accordance with the changing slope characteristics of the 

input signal. Ihe signal fed back from the local decoder 

is 

to differencial amplifier/simply the. sum of all previous 
transmitted samples, 

1.2 Types of Error in DII : 

There are two types of errors found in the delta 
modulation systCTs:- 
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i) Slope oirerloa-d noise 
ii) G-raiiular noise 

i) Slope pyerl oad noise : If K is a step size and is the 
sampling period in seconds, K/c will be the highest input 
rate of change which h.M. codec can follow and it is called 
the maximtmi slope tracking capability of the D.H, system. 
Whenever slope of the input signal exceeds E.fg, where fg is 
the Sampling frequency, the coder is unable to track the 
input signal and this gives rise to what is referred to as 
the slope overload noise, as shown in Pig. 1.1.0, 

ii) Grafi^ lar. noise ; It refers to the situation when the slope 
of the input signal is such that the coder is able to track 
the input, and the granular noise is the difference between 
the approximated and the actual signals, as shown in Pig. 1.1.1 

fhe slope overload noise is dominant of the two types 
of noise when the step size is too small, whereas the granular 
noise is more when the step size is too large. In order to 
reduce the total noise power one must optimize the step size 
for both the regions of the slope of the signal. 

1 .3 Ad apti ye D e lta Mod ulat ion: 

It is apparent that a fixed step size will not give 
an optimum performance in terms of the minimum output noise 
power. But, if the step size is varied in accordance with 
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the instantaneous slope of the input signal, i.e,, increase 
the step size under slope overload situation and decrease 
it when the slope hecomes smaller than the nominal slope 
tracking capability of the coder, the performance will 
improve significantly. This is achieved with the help of 
adaptive delta modulators (AK5). An ADM is a modification 
of LDM in which the step size changes according to the slope 
of the signal. Ihe adaptation scheme in an ADM can he either 
of syllabic or instantaneous type. Syllabic companding 
systems are characterised by ’continuous' adaptation of the 
step magnitude and have been developed for reproducing 
telephone q_uality speech at operating freq.uencies of the order 
of 40 KHz, while the instantaneous compandors usually 

(L 

incorporate/Hiscrete adaptation algorithm in the sense 
that the step size is changed at every sampling instant by 
a specific factor, - more precisely, by one of two specific 
factors. Here the encoder responds to the instantaneous 
variation in the analogue signal and is suitable for encoding 
both speech and television signals. 

The most interesting syllabic systems are "Digitally 
Controlled Delta Modulation (DCIS'I)” by Oreefkes [ 1 ] , 
"Continuous Delta Modulation" by G-reefkes and de Jager [2 ] 
and "Dual Mode Coder-Decoder" by E.R. Schindler [ 5 ] * 
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In DCDK, a -aniform ooder (UC) is nsed at the trans- 
mitter and a uniform decoder (UD) at the receiver, The 
step size IC is varied by the output voltages from the mod\ila- 
tion level analyser (MIA), (Fig* 1*2), which are controlled 
by the digital signal y. The magnitude of E is now a 
function of y and hence of the input signal. 

The promising systems under instantaneously adaptive 
delta modulat ion are '’Adaptive Delta Modul.ator with one bit 
memory" by S'.S. Jay ant [ 4 ] , "Linear and Adaptive Delta Modu- 
lation" by J.E. Abate [5 ] etc. In Jayanifs AE®-!, the step size 
is adapted (for a stair-case approximation to the signal 
input) at every sampling instant, on the basis of comparison 
between the two latest bits (the present and the last 
previous). If the two compared bits are similar, the step 
size is increased. On the other hand, if they are different 
the step size is reduced. 

In case of second order constant factor DM the present 
bit is compared with the previous two bits. The block 
diagram is same as shown in Fig. 2,1, except thettZ^ is foimed 
with the aid of a two bit shift register and some combinational 
logic according to the equation; y 

Z^ = Ay %n, (Ly), where Ay is an adaptation constant 

and Ly is a bit at rtli sampling interval* 
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High information delta modulation (HIDM) was conceived 
by Winkler [6,7] for encoding video signals. HIM system over- 
comes tracking deficiency. Ihe step size in this system 
increases in binary fashion i.e, 2 , 4 , 8,16 etc. 

The step and pulse responses of these systems are 
shown in Fig. 1.3.0, 

^ Step Hespons e of Ya^rious Systems : 

Fig, 1 , 3,0 shows the behaviour of the fedback signal 
[y(t)]for fix-st order (i.e,, Jayant's scheme) and second 
order (where three bits are compared) [tO] instantaneous US'! 
s 3 '’stems when a step input of 0,5 to 39 *5 units is applied. 

Ihe y(t) signal in the second 01 -der instantaneous AJ^I encoder 
over-takes the step input before the first order one does, 
i'he response of the first order system for adaptation constants 
A = 1.5, B = — '- 1 ^ - the hunting oscillations do not decay. 

But damping can be achieved with this system if 

AB < 1 : A> 1, B <1 

However, if AB is considerably reduced, below unity, the 

degraded when tracking speech signals. Consequently there ia 

tills 

a conflict in select ing^ piPduct. But this conflict 
does not exist with second order system. However, the 
Values of A and B ax’e taken as 1,1 and 0.9. The system 
response is critically damped but settles faster to the 
steady state. See Fig. 1 . 3 . 0 (c), 
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The response of linear d.m. and h.i.d.ni. [10] systems 

for the same step input as in Pig. t.3»0 given in Pig, 

1.5«0 (d) and ( e) respectively. The linear d.m, and h,i*d,m. 

codeG's have an over-damped and under-damped response, 

second 

respectively, The/order c.f.d.m, has a response which 
increases quickly, similar to h,i,d,m. However, it does not 
have_^large over sheet of h.i.d.m, s^'stem hut it does take 
few more clock periods to reach steady state, 

^ • 5 Pul se Resp onse of ¥ ar io,us _§y;s;^ems : 

Here the minimum step size in the waveforms for each 
encoder is 0,03 units. The second order system has best 
response to this particular input pulse. The response of 
linear d.m, codec resembles the pulse response of an E.C, 
integrator. y(t) wavefoim of the first order system is unable 
to reach the peak amplitude of the pulse before this input 
signal returns to zero volts , whence it exhibits a large 
hunting oscillation. In second order system the value of its 
largest adaptation constant = 2, then when overload 

occors it responds by' doubling the size of the steps in 
feedback signal at subsequent sampling intervals, HIDK 
system also behaves in this marner when overloaded, 

1 ,6 Mo difie d PH Syste ms : 

As can ben seen, in these systems more emphasis has 
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been given to slope overload noise reduction. It was pointed 
out earlier/tiie maximum slope tracking capability of tbe 
coder is This capability should be increased to reduce 

the slope overload noise, but, at the same time the step size 
should be kept small to keep the granular noise at an 
acceptable level. An obvious way to do this is to increase 
the Sampling frequenc 3 ?' keeping the step size constant. But, 
this will increase the tranmission bit rate. I'he previously 
mentioned ADK systems use variable step size to achieve an 
adaptive slope capability. But, the increased step sizes 
reduces the full -load SiSl values to some extent. Although 
called "instantaneous", none of the ABM’s described earlier 
respond instantaneously to say a step change in the input 
signal level. A faster adaptation scheme has been suggested by 
7ioo.y Knmarfl}^ where in the step response and the overload 
SMR is better than other schanes. Of the various modified 
delta modulation systems suggested by him, the following 
seem to be more promising in respect of their output signal-te- 
noise ratio variation with input power. Whenever the error 
signal exceeds a predetermined threshold, slope overload is 
declared, the step size under this condition is made two, 
three or four times the nominal value. In this way the 
adaptation to a step change in input is made much faster 
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than in other This method has also hoen generalized 

to the Case of more than one threshold * In this case, the 
step height is made proportional to the threshold crossed hy 
the error signal. Each of these systems giTe an SNR greater 
than 8.9 dB ( at full load uniform spectrum input) for a 
dynamic range of 4-0 dB input power variation [9 ]. All these 
systems use Jay ant’s algorithm for under-load region of the 
input, but. Vary in the nature of operation in the overload 
region. 


The following table shows the dynamic input power 
range and the peak SNR for the different systems. It can be 
seen from the table that the systems have more or less 
similar res\ilts. 


Systems 


OveVioad ~Pe^ SNir'l?e^' BHiT ’O'^curing 


1 . LEM 

2. Threshold detection 
taking 3 times step 

3. Threshold detection 
taking four times 
step 

4. Eetection with 
different 
thresholds 


ajnic range 

im 

(dB) 

at input ■ 

10.0 

13.0 

4.0 

42.0 

19.2 

15.0 

43.5 

20,0 

18.5 

43.75 

22.0 

16.0 

m 
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■* •'7 yr azismi ssion of Overl oad Information: 

Vijoy Kmar has fiarther siiggested some methods of 
transmitting information regarding occurence of the overload 
to the distant receiver, X'rhich is the main problem 
associated with threshold detection. 

i) liDaenever slope overload occurs we code the slope 
magnitudes such that the bit stream itself carries this 
information, 

ii) vJhenever overload occurs, shift the transmitted pulse 
in time suitably. At the receiver, if a pulse does not 
occur at the nomal time instant but at some displaced time, 
we take the displaced bits as code bits corresponding to the 
overload slope levels. The diffic'ulty in tliis method is to 
detect the shifted pulses unambiguously at the receiver 
particularly when the channel is noisy, 

iii) The tliird method mi^t be to increase the width 
of the transmitted code piuLses corresponding to the slope 
overload situation. At the receiver, if a pulse of longer 
duration occurs, it should be taken as a code bit. 

The second and third methods have the constraint 
that one cannot use 100 percent duty cycle pulses for 
transmission. This will decrease the transmitted signal 
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power and thereby, the signal may become more vulnerable 
to the effects of the channel noise. 

iv) Another possibility is to use one extra channel 
for the transmission of overload information. One arrange- 
ment in this can be shown in Pig. 1,^,0. Whenever pulses 
occur simultaneously at a sampling instant on both the 
channels, they will be treated as constituting the code for 
the overload slope magnitude. Ey this method, we can detect 
four slope levels, ihe advantage of this method is that 
one does not need extra time for transmission of the overload 
information. The main drawback of this method is the resultant 
reduction in the capacity of the system. 

Out of the modified systems where fixed step of 
greater amplitude is taken whenever overload occurs, 
peak SNR of "Detection with different thresholds'* is 2 dB 
better than that where a 4 times constant step is taken, but 
at the cost of increased hardware complexity and transmission 
problem. Hence we choose “Threshold detection taking 4 times 
step" as the system having the best perfoimance amongst 
all the methods suggested. Prom Pig. 1,^,0 it is clear that 
SHR characteristics of modified system is to 

Jayant's in the slope overload region. 



1,8 Scope of Work: 

In adaptive delta mod-ulator sciiemes we have observed 
that "Jayant’s method of with One Bit Memory” where 
variable step sizes are used to achieve adaptive slope 
capability is an attractive method. An ABM coder with one 
bit memory has been hardware realized. The details of the 
hardware realization have been given in Chapter 2. But this 
method takes time to build up the step amplitude and thus 
fails to track the signal quickly. On the other hand, in 
the modified systems whenever overload occurs, we switch over 
to the higher step size instantaneously and thus track the 
Signal in a shorter time. Thus it gives better SEfB as 
compared to Jayant’s system in the overload region. Three 
modified systems, named as MB&I type I, II and III are discussed 
in detail in Chpatcr 3. Some results of these systems along 
with that of the LBM have boon given in Chapter 4» where 
their superiority over IBM have been shown. In Chapter 5 
the thesis has been concluded^ 
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chapter 2 , 

ADAPT IVE DEI/I A MODULATOR 

Of the different instantaneous AIM ‘s described in 
Sec. 1.5» Jayant's scheme has found wide acceptability. 

This is because of the simplicity of the adaptation logic in 
this scheme. The hardware implementation of this AIM is 
also less involved than the other methods described. In 
Sec, 2,1 we have described Jayant's ADM with one bit memory 
in detail, and in Sec, 2,2, a hardware description of* this 
coder developed in the laboratory has been given, 

2 , 1 ADM with One Bit Jlom^q^ : 

The encoder of the ADM with one bit memory is shown 
in Fig. 2,1,0, Tho output binary waveform L(t) is of course 
transmitted after — suitable processing (e.g*, filtering, 
modulation etc. ) to the receiver. It is also connected to 
the adaptation logic in the feedback network. This logic . 
has a one bit digital delay D-j^ so that it can inspect the 
binary level of the L(t) signal at the rth sampling and 
also at the previous (r-1 )th sampling instant, let the 
corresponding valucsof L(t) be L^ and respectively. 

If L^ and L^__^ are both ones or zeros it indicates 
that the error has not changed sign for two successive 



18 


clock periods wliich mcaiis ihai "thG coder is not al^le to 
track tho input signal properly. Therefore, some increase 
in the size of tho step feci hack to tho difference circuit 
is needed. On the other hand, if and are different 

the error has changed polarity hetwoen successive clock 
periods. This suggests that the step height in y(t) should 
ho reduced in magnitude. 

The exclusive-OR — gate in Pig-. 2,1,0 has a logic one 
output when and are different and a logic — zero 

when they are either both ones or hoth zeros. Suppose at a 
Sampling instant the output of the Ex-OR is a logic *one' and 
switch is moved to tho negative voltage source. If the 
output from tho Exclusivo-OR is a logic zero tho switch 
connects tho +ve voltage to the input of tho multiplier. This 
input Z(t) consists of impulses of strength -B or +A depending 
on whether tho switch is connected to the negative or 
positive voltage source, , 

At a particular sampling instant r, Z(t) = Z^ whore 
; = impulse A, if 1^, = ^r-l 

2j< 

^ I = impulse B, if 1^ ^r-1 

Tho final waveform y(t) fedhack to the error point is 
the integral of m(t) where m(t) is the waveform at the output 
of the multiplier. At the rth sampling instant m(t) is 
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and is formod Toy multiplying the previous value of m^ 

by 

- = ^r * “^r-1 (2.1) 

Tho production of roq.'oires the use of an analogue delayfA-h) 

of one loit duration. As can occupy a wide range of 

values, there are practical difficulties in producing an 
analogue delay having a wide voltage dynamic range, 

Z^ is an impulse and consequently m^ is also an impulse 
with tho result that the waveform y(t) contains steps of 
varying height. If y^ is the value of y(t) at tho rth sampling 
instant, then 


y = y . + m 

«yr '^r-l 


( 2 . 2 ) 


This is hocause m^ is integrated to give the new value of 
y(t), namely y^. The integral of an impulse of strength m^ 
is a step of height m^. 

Substituting for m^ from Eqn, (2,1) in equation 
(2.2) gives . • 

A-y^. = = ^r“°^r-1 

As is cither A or -B, tho ratio between two 
successive steps in tho feedback waveform differ by a 
constant factor Z^, and because of this important property 
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that this typo of cncodor has also hocn callod a constant factor 
delta modulator (GPDM), This name distinguishes it from 
other delta modulator encoders which have short memories in the 
feed-hack loop and ere of the instantaneous adaptive type, 

2,1,1 Ove rloa d Oon dition : The impulse m(t) applied to the 

integrator change strength hy a constant factor of either A 

or -B at every clock instant, hence the adaptation is 

instantaneous. This is illustrated hy considering the 

situation when the encoder is suddenly overloaded hy a positi\no 

stop input results in L(t) having a soq.uenco of all ’ones’, 

i,o, » over a no. of clock periods, ¥hen overload 

occurs the impulse at the output of the multiplier has a 

value of one unit. Because of logical output waveform is a 

sequence of all ’ones', a corresponding sequence of A adapt- 

a,tions occur and the impulse sequence applied to the integrator 

2 5 h 

increases as A, A , A , . . . ,A‘ units. The feedback voltage 
at the output of the integrator sms the impulses applied to 
its input such that after VA-typo adaptations, the feodhack 
voltage has increased to 

y„ = ^ (2.4) 

r=o 

If the overload condition is caused hy a negative 
binary 

stop, the output/^soquoncos is all ' zeros hut as still 
equals ^ in this sequence, the adaptation remains 
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to A-typo and is 


n 


n 

2 

r=o 


A' 


assuming that the initial impulse to the integrator is 
“1 unit • 


2*1,2 Adapi^t^ion Co nstan ts ; In order for the setiuencc of A 

adaptations to result in the increase of the feedback signal 

y(t) the Value of A must be greater than unity. In this way 
r 

the impulses A applied to the integrator increase their 
strength with tho increasing no, r of clock periods, ¥hon 
y(t) cxcoods the levol of the input signal x(t) there will 
be a change in tho sign of tho error signal, 1^, ^r-1^ 

a B adaptation will be produced. The encoder is now required 
to generate a smaller impulse at the input to tho integrator 
in order to reduce the magnitude of tho error signal at the 
next clock instant. This reduction is achieved by making 
B<^1. It is so on that for a band-limited random input 
signal tho optimum product AB will bo close to unity. If 
A = B = 1 , the encoder is just a linear delta modulator. The 
Values of A and B are chosen same as Jayant [8 ] suggested 
i.c. A = +1,1 and B = -0,909. 

2,1,5 Ste p input re sp onse ; If wo consider the step input 
application to first order c,f,d,m. encoder having an 
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ajaplitudc of 8 units. If wc take initial step in the y(t) 
waveform €ts one unit, then the behaviour of the various 
signals in the encoder at the successive saapling instants 
r = 0,1,2.,, is shown in Tahlo 2,1, The values of y and 
are given hy equations 

Jr " ^r-1 "^r 


The value of y^ is calculated for the adaptation constants, 
namely A = 1,1 and B = -0.9. The response y(t) is shown in Pig, 
1 ,3. 0(c) — . whore it can he seen that y(t) hunts about the 
step input x(t) with a 10101100... pattern. If adaptation 

•I 

constants arc related as A = then no decay occurs. Slope 
overload noise and hunting situations are also indicated in Pig* 
1-.3«0(c): The response of the system shows slow decay, 

2,2 Experimental Development of ADM; 

An adaptive delta modulator has been fabricated using 
Jayant’s adaptation logic. The detailed block schematic 
of this coder is shown in Pig. 2,2.0, 

A difference amplifier is used in order to get the 
error between the ba,ndlimited signal input x^ and y^ from the 
local decoder feedback network. The error voltage is 

fed to comparator keeping other terminal ground^. The 
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output of the comparator is thus binary (0,1). 'Whon error 

Op is positive, output of comparator is 'ono* otherwise * 25 oro,' 

The output of comparator goes to the D~flipflop in order to 

synchronize the comparator output with the clock. ¥e obtain o-we 

past bit by shifting DPS' output to right by one clock 

pulse period and food DPP and shift register outputs to the 

exclusive OR. gate. ¥e got 'zero* output when the present 

and the past bit are both either 'zero* or »ono'. It 

indicates that error has not changed sign for two successive 

clock periods and some increase in the size of the step is 

required for minimizing error voltage. On the other hand if 

the present and the past bits are different, we get as the 

output of the Ex-OR gate a *one'-, which indicates that the 

error voltago/has — ^ chojiged polarity between two successive 

that 

clock periods. It suggests^ some reduction in step size 
is necessary. 

Thus according to the sta,to of the Bx-OR output linear 
gates (l) or (2) is switched on to operate either the 
amplifier of gain 1.1 or the amplifier of gain 0.9 . Thc^e 
d.c. levels are fed to non inverting amplifier to meet the 
sensitivity requirement of the Sample & Hold which samples the 
level for 'on' time of the clock pulse and holds the same 
level for the 'OPP' time of the clock pulse. The analogue 
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<2-Glay of ono clock period is achievod through, the sanplo and 
hold operation. The previous lovol of the BahplG and hold 
is multiplied hy the present lovol. At every clock pulse the 
new level is sent to integrator and modified y^ comes closer to 
the original signal. 

2»2.1 Qi rcu-it Des cription of Qompah'ator and ^T^ntizer: 

Consider the block diagram shown in Fig. 2.2.1. The 

differential amplifier is designed to amplify the 

difference hctwcon incoming handlimited signal and feed- 
back signal y^ through local decoder such that error sigial 
G^ always remains grea,ter than five - millivolt to get 
binary output from the comparator 1. This signal is fed to the 
DFF-1 to got the signal synchronized with the original 
clock DFF output and shift register (S-R-l) output which is 
also synchronized with the clock, are fed to Exclusive-OR-1 
gato to get the desired logic a,s explained earlier in the 
section 2, 1 , 

2 . 2.2 

The details of the clock generator is shown in Fig. 2. 2* 2# 
A STB 555 is used as an astablc multivibrator constituting 
the basic pulse generator. The freoLuency of the multivibrator 
is adjusted by choosing proper values of R.j, R 2 and G, in 
the formula given below. 
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r 1^.44 

The output of tho astablo nultivibrator is fed to a monostable 

multivibrator (liF74123) tbrough the unity gain buffer amplifier. 

The monostablo multivibrator is used to keep the on period 

of tho incoming clock as small as possible, lowering the 

'on period' of tho clock reduces the pulse width which 

ultimately results in bettor stair-caso approximation of 

tho input signal Tho negative pulses are obtained by 

inverting the one shot output. These pulses are fed to 

tho sample and hold circuit as described later. 

2.2.3 Ada ptat ion logic; 

Tho detailed circuit diagram shown in Fig. 2.2,3 realizes 

tho adaptation logic described earlier. In tho — figure 

.is used 

tho 21^2369 transistor (Q^ )/, for switching tho signal coming 

from tho Ex-OR output. \i/hon the Ex-OR output is *1' then 

.is 

tho 2E2369 transistor ( Q.j)/switchod on a voltage at A point is 

loss than 0.67 which is unablo to switch on the second 

and it ■ 

transistor (Q^) / remains in cut off condition. At the point 
B full voltage remains which switches on the third transistor 
(Q^), Final output is 'zero' when input to the first 
transistor (Q.j) is ^ , Hence output of the opamp (.AY.j ) .giving 
gain (K=1.1) remains zero. At the same instant when the Ex-OR 

' , .N A® 

output is ' 1 ' the input to transistor 'O' and it remains 
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goes to 

cut off. Hence tlio voltage at collector of (Q 2 )/t]io opanp 

(AV 2 ) giving gain (K=0,9) wliicla is then inverted. Thus we 

select ’-B» when the Sx-OE. output is '1*, When the Ez-OR 

is 

output is *0’, transistor CQ^)^ cut off and the voltage 

is applied to opanp(AV^ ) through the transistor (Q^) with 

the gain of 1,1, This level is inverted twice as it goes 

through two inverting amplifiers hence wo got adaptation 

Z 

constant as + 1 I, If clock pilLse xd-dth^is very snail, those 

d,c, levels can be treated as d,c, inpulsos, which are 

input to Sample and hold circuit. These levels charge the 

. 1000 pF capacitor only when the FET switch is closed • The 

FET switch is closed when the sxfitching transistor 2N2904 is 

sat'urated by a ■ — negative going clock pulse. The switching 

in 

transistor renains/cut off condition d-uring 'OFF' period 

of the clock. Hence the FET switch is open and capacitor holds 

that charge until the next clock pilLso arrives. Clock pulse 

’on period’ must bo greater than the tine constant of the 

charging network in order to allow capacitor to charge 

to its naxinnn value. Any droop in the - voltage of 

capacitor due to bias curfent of the opanp, extenial bias 

network. 

is a,pplied through the ‘Droop Adjust*./ The output of the 
sample and hold will bo i,e,m^ will be delayed by one 

clock period. How "will be switched to opamjC AVi ) through 

transistor (Q 2 ) or (*Q^) depending upon Ex -OR output and it will 
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iDO again nultiplicd by oitiicr +A or -B at opanp (aT^) and 
opanip(AV2) rcspoctivGly. Non -inverting anplifior (aT^) is 
used botwoon adaptation logic output and sanplc and hold 
input to boost the level so as to got satisfactory 
porfomancG of the sanple and hold circuit. Output of the 
adaptation logic is fed to the non-inverting aaplifior in 
order to adjust the loop gain for better stability of the 

system. Iho output of the amplifier is fed to the integrator 
whose d.c, gain is about 25 and integration time constant 
is about 180 a,ssuaing probability of occurrence of ones 
or zeros more than five times consecutively, is very low. 

The complete circuit diagram of the adaptive delta 
coder with one bit memory has boon shown in Big. 2.2.4. Ihe 
output of the integrator, which is a replica of the separate 
decoder, showed a low frequency jitter. The cause of this 
jitter was not very clear. 
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CHiLPTER 3 


MODIFIED lUTEiR DELTA MODULATORS 

In cliis cliap'fcor wc ironld doscribc nodifica'fcions in 
LDM for inxDrovoncaat of its porfomanco in tLo slope overload 
rogion. In order to boost SUR in tbo overload region tbo 
step , size nust be adapted according to tbo slope of tbo 
injput signal* Satietbing can be achieved by increasing 

the Sampling frequency also, but, only at tbe cost of 
increased transmission bandwidth. low when the slope over- 
load occurs, we detect it and modify the step size such that 
the feedback signal from the local decoder cones closer and 
closer to the original input sigioal. Two methods of modi- 
fications in the linear delta modulator have been realized 
experimentally* Perfomance of those systems have been 
compared with the performance of tho linear delta modulator* 
Both these methods incorporate a threshold detector in the 
encoder to determine the occurrence of the slope overload 
as described in Ohapter 1. 

5 -I M odified Delta Modulator ■ Ty pe I: 

In this method wo check tho absolute difference of 
the input and the feed-back signal at each sampling instant* 
If this absolute difference is greater than some predetermined 
threshold, we say that overload has occured and we increase 



the step size by a specific factor, in this nethod it is 
difficult to send infomation regarding occurance of the 
overload to the receiver. Fig. 3.1 shows the block schoiatic 
of the basic delta nodulator alongwith the nodifications 
incorporated for the slope overload detection and thereby 
increasing the nornal step size to some preset value. 

In the modified channel we continuously observe the 
absolute difference between the input and the fedback signal*' 
When it is greater than the preset threshold level, the 
comparator (CR^) gives an output of ‘gne’ and this level is 
utilized in increasing the gain of the amplifier from K=t (in 
the case of normal step size) to K= 4 with threshold of 0 ^ 8 , 
1.5f 2.0 volfcs etc. This modified path is asynchronous as the 
overload pulses are not synchronized with the system clock. 

In this caSG the "overload'* pulses may occur more than once 
in a clock period. This modification, although unusable 
in a synchronotis system, was studied to have an idea about 
the perforraance that a wholly synchronous arrangement can 
approach as a limiting case, 

3* 2 C ircuit Description of the Modifie d heltaJtodulator^Type-I 

The circuit diagram of the modified delta modulator 
system is shown in the Fig. 3 . 2 . The output of the 
differential amplifier (Da) is converted to a binary signal 
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wiijh. "bliG li©lp of "til© conpQ,3^3,^or (GR^) IcGsping iiryGrijing 

terminal at zero potential, Wienever the signal at the 
positive terminal is high, output of the comparator goes 
to "one" state otherwise goes to "zero" state. These levels 
are TTL compatihle and fed to the DRR. How output of the 
DFR is synchronized with the clock and this level is boosted 
by the level shifter (Q^). I*Jhen DRP output is »low‘ it 
saturates the transistor (Q^) and the output is *»pne* when 
DPP output is high, it cuts-off the transistor (Q* and 
output is ’-1'. These pulses are passed through Aopamp 
(AVg) of gain (-1) and then through another opamp i^rj) of 
gain less than -1 in order to get the phase unchanged. Then 
these pulses are integrated with the help of the integrator 
(AVq). The integrator tine constant (about 180 /t^s) is kept 
sufficiently high so that feedback capacitor (0^) should 
get fully charged with the input pulse as described in the 
previous chapter. 

The output of the difference amplifier is fed to the 
absolute value detector (AVD) to get an , unidirectional 
error so that "the error of both the polarities can be 
compared at the comparator (GR 2 ) with preset threshold level. 
In the AVI when the signal input is greater than zero the 
output VO It ago of the AVD will beeq_ual to the input voltage 
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(Cji)* On oh-G olilaor lio^ncl, "tlaG input voliagc is loss "ttian 
zero, thG output of tlio LTD will to (-e^), i.o., if input 
voltage is and output voltage g^, we got 

°o = pii (3.1) 

Wlion tliG output of tliG AVD is groat or than the preset threshold 
levGl, wo got "overload" pulses at the conparator output, fhese 
pulses arc passed through an opaxip of gain (-1) in order to 
nako it suitable for switching tho PUP driver transistor (Q^) 
and then the PET switch (Q^) when "overload" pulses appear, 
output of tho opajip with gain '-1’ gives negative pulse which 
saturates tho transistor (Q^). Low voltage at the N-*channol 
PET gate switches on the PET and pulses fron level shifter 
through unity gain buffer amplifier are applied to the 
inverting amplifier (AVg), Resistor R^g is adjusted to got 
the desired step size increment. These pulses are applied to 
tho integrator (AVg) through one more inverting amplifier 
in order to keep tho phase uncha,ngcd. Results of themodified 
delta modulator arc discussed in next chapter. 

3.3 Modified Del ta Modulato r, Typp--.II .and III. • 

As mentioned in section 3.1 overload occurs when the 
absolute difference of tho input and feedback signal is greater 
than the predetermined threshold. It is further stated that 
the step size is increased to K=4 fron the normal stop size, 

K=1 , whenever overload occurs irrespective' of the clock 



rate. But in KBM (Typo-II and in) eyntons. tho ovorload 
pulsos aro synoBionl.od tho nyston clock, hence the step 
Size is increased hy tho sane factor as nentioned ahove at tho 
occuronoo of tho overload pulses only at tho clock instants. 
Here tho advmtago is that this nodifioation can he used 

in a synchronous systen while it was not possible in the 
Case of MDM (Tsrpe-I), 


Jr 01.1 tho conbined block diagran of MDM, Type-I, H 
and III as shown in Pig. 3 . 4 , it is clear that if the 
switch is at position 1 and the switch S^-S^ is also at 
1, then tho circuit determining the sign of the "overload'' 
pulsos and suppressing a change of sign within a 3 -bit 
"word" (shown in Pig. 3 . 3.0 within the dotted box) is now 
out side tho feedback loop of the encoder. But this 
circuit precedes tho lino encoder (to bo described later) 
in tho transait-tor. This kind of delta encoder has been 
referred to as the MDM (Type-II) systen. On the other hand, 
if tho aforementioned circuit is included in the feedback 
loop of tho encoder (as shown in Pig. 3.3.0), it has been 
referred to as MDM (Ti^pc-III). 

In tho block diagraio shown in Pig, 3.3.0, we 
consider tho sequence of overload pulses three at a tine. We get 
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three piolses at the outiout of one of the S-R flipflops and 
check the polarity of the first hit pulse. If first pulse 
is positive then only positive pulses will he passed through 
data selector fron that sequence of three pulses, ¥e allow 
single polaricy pulses in three hit word at a tine assuDing 
that the polarity of the 'overload'' pulseswill not change 
within tho sequence of three pulses, How when the output of 
the data selector is high, it increases the normal step size 
to a preset value and fe4 to the integrator, ihe conplete logic 
system can he better understood hy different stage waveforms ' 
of the system shown in Rig, 3,3,1, ■ 

Tho performance of the modified delta modulator type-l, 

II and III has hoon checked separately, Yarious plots . of 
frequency vs. BUR for all the cases are shown in Chapter 4f 
and compared with the theoretical simulated results, 

3.4 Co mplete Block Diagra i'- i of the M odified Re3.ta. jl^ 

Type I , ' II and III : 

Rig. 3*4 shows tho combined block diagram of the 

modified delta modulation schemes,(i)When the switch is 

at position 1 and position 2, the system is not f 

synchronizod with the clock in the feed hack loop. This 

x>!e 

system aS such is not usahle in practice' , hut^ohserved the 

^ • 

behaviour and coupared,^with synchronized systems. 
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( ii) I'inaen the switch is at position 1 and the 
switch S 2“^3 position 1 , the system in loop is called 
MDii (lype—II) where the local decoder is a simple integrator. 

(iii) I'Jhen the switch S. is at position 2 and S,.“S, 

I 2 3 

is at position 1, the system in loop is called MM (lype-III) 
in which the local decoder is one which does not allow a 
change of polarity in every three hit word. In this system 
a distant decoder need not he the replica of the transmitting 
side decoder. It can he a simple decoder at the receiver 
side which in turn reduces the complexity of the receiver. 

3.5 L ine Encod ing; 

The normal hit stream from an ILM comprises +1 type 
bipolar pulses. The "overload" pulse information will he 
transmitted hy a zero,’ i.e., not trensmitting any level 
whenever an overload occurs. The sign of the enlarged step 
will he given hy an added hit for every three nominal hits 
in the transmitted stream. This can ho achieved xfith the 
help of the schaae shorn in Pig. 3. 5*0.. A +1 added hit will 
mean a positive step and a -1 added hit a negative step, A 
zero in that position will mean no slope overload in the foll- 
owing three hit "word". Since only one hit is used for ^ 
polarity information, sign change of enlarged step will not 



be pernittecL. If the polarity of the enlarged step 
changes within the "worcV, an ordinary step will be 
taken^ i*e,, no zero but either at1 or —1 will be transni"* 
itted. iho output of the MDM coder and the corresponding 

output of tho line coder have been shown in Hg, 3^,1 
The distant decoder schenatic is shown in Pig, 3,5,^ 
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CHAPTER 4 


RESULTS 

Responsfes of the linear delta modulator and the modi- 
fied delta modulator (type-I) are shown in Rig. 4,1.0. 

Vhon a square wave input of pulse width (1.25 ms) 
is given to tho systems^ -the linear delta nodxaat or 
response is very poor as the rise time of the feed hack 

pulso is 0.45 millisecond and the fall time is 0.5 msec. 

(Type-I) 5 

While in tho modified delta modulator,|.the rise time is .08 ms 
and the fall tine iB.i04 ms. in the modified scheme the 
stop size is four times the normal step size. The modified, 
delta modulator shows inferior performance when "overload” 
pulses are synchronized with the clock. The rise time in 
this modified (typo-II) case is 0,13 msec and fall time 
0.1 msec. This indicates clearly that the slope ’'overload" 
imlses occur moro frequently than a clock pulse. When 
these "ovorload" pulses aro gated with tho clock we are_ 
missing some of tho ’'overload” pulses and thus the perfor- 
mance of tho system is degraded. 

Second modification to the delta modulator, i.e., 
modified systom (type-III) gives hotter results than the 
modified (typo-II) system. As we see from Fig. 4.1.1# the 
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rise tine is 0.12 nsec, and fall time is 0,0 l 8 nsec. In this 
case wo increase the stop size hy a specific factor only at 
the few -unsuppressed "overload" pulses,. This has been 
explained in the previous chapter. . It has been observed 
from Fig. . (4.2.0) that SNR increases when threshold level 
decreases. The 0,8V tlireshold which is twice the noroal 
stop size, gives the best result, and is in agroenaat with 
the theoretical and sinulation results of Vijoy EunarC^We 
further observe fron the sane plot that the over all SNR 
inproves when the step size is kept four tines the nornal 
step size instead of three. This also verifies the 
theoretical and sii'j.ulation results,. Fig, (4.2,2) -although 
it docs not give a very correct picture,-, shows that %o 
overall SNR is inferior in this case conparod to the 
asynchronous syston having sinilar decrease in step s^ze. 
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CH/iPTeE 5 


OONOIUSIOK 

Th-G firsl; sysiiGn dcvolopcd in tko Inboraiory was 
’’AdapiivG Delia Mod'ulo.ior wiili One Bii Menory”. TIxg 
sysion was dosigned on ilie Basis of ilie sciitsie suggested 
by Jay ant [4 ]* as given in Gbapter 2* 

The syston developed in tbe laboratory starts 
giving low frcquoncy jitter when the decoder output is 
fed back to the input of the comparator* Since it is 
difficult to analyse the closed loop system it was not 
possible to find out the cause for this jitter. But one 
of tho possible reasons may be the proper selection of the 
adaptation constants for the system, Jayant [8 ]has given 
the values of the constants, namely A=1.1 and B = 0,909, 

Ho further mentioned that the feedback signal y(t) does 
not decay with tine if A=J /S* It is possible that the 
product AB was equal to or more than unity in the esperinental 
system, since it is not possible to adjust these small ' 

gains very accurately. Second possibility is the uncert— 
ainity of the perfomance of the Sample and Hold circuit 
in the feedback loop. 

The second syston developed is referred to aS the 
modified delta modulation system. This system has been 
observed in two ways: 
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(i) wh-Gn the feedhack loop of tho syston is not 
synchronizGcl with tho clock, called MDM (Typo~I), 

(ii) when the feedback loop of the systesa is synchronized 
with tho clock, called MDM (Type-II), 

Tho pealc SNE. of MDM (Typo-I) systen is 16 dB better 
than LDM system when threshold voltage of the fomer was 
0,8V, and the step size was taken four tines the normal 
stop size. Peak SHE renains unaltered but overall SUE 
improves by 1,5 dB when the stop size is taken 3 tines tho 
normal stop size. Hence, we conclude that tho systen 
which operates at threshold level of 0,8V and step size four 
times tho normal step size, gives the best pcrfomance. 

As shown in Pig,4''2., in IffiM (Type-II) tho overall SUE 
performance of the syston is tho sane while the peak SNR 
of tho system is slightly degraded, when the values of tho 
threshold and tho step size are taken same as in MM (Typo-I) • 

When the step input response of the MDM (Typo-I) system 
is observed, we sec that there is an improvement in tho 
pulse rise and the fa,ll tine by a factor of four, : 

The MDM (Type-Ill) system, where we suppress the 
overload iDulses of opposite polarity in a word of 3 bit 
seq.uoncc, gives peak SNR performance and the step input 
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i 

response still better than tiiat of MDM (lype-I) and mm. 
(Typo-II) systens. Hardware conplexity is nore in MI®5 
(Type-Ill) than MDM (Typc-I or II), but it can be justified 
by the inprovenents. 

Per the ADM with one bit nenory system developed in 
the laboratory , perfomanco can be inproved by using an 
analogue delay line?' (order of the delay should be 20-30 juua) 
instead of the sanple and hold circuit and carefully 
choosing the adaptation constants* 

In the known ADM systens the distant decoder should 
be an ekact replica of the local decoder. Otherwise, sono 
extra distortion is generated in the output. But, in the 
case of MDl'''i (Type-III) the distant decoder is nuch 
sinplcr than the local decoder. This is an advanta,gc for 
such systens. 

The stop input rosiDonsc of the MDM (Types II and III) 
is shown in Fig, 5«1. It can be seen that the step response 
for this systens will in general bo better than Jayant's 
ADM and the other ADM’s described in Chapter 1. 

Modified syston has a draw back that as such the 
info mat ion regarding occurence of the overload can not 
bo sent to the distant receiver, one possible way is to 
uso "Line Encoding" which has boon described in Chapter 3* 
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Tlio lino Gncoding plan described earlier increases "febe 
transmission rate ^.1.33 tines. But, this can be 
compensated for by the improved performance of the 
modified systems, 

¥o have not seen the performance of the combined 
system i,e. AIM with one bit memory with MIM (Type II or III), 
as the ABM with one bit memory did not woite satisfactorily, 
¥e can use MBM (Type II or III) system for overload input 
keeping the threshold at 0,8V and the step size equal to 
four tines the normal step size and ABM with one bit memory 
for the under-load region of the input. The overall SJR 
and stop input response of this combined system can be 
compared with the other systems already developed# 

Subjective evaluation of the coder-decoder system 
gives the best x^icture in terms of its suitability in a real 
life situation. Therefore, it would be advisable to test 
the combined MBM - ABM system with speech and television 
signal iniDuts for its subjective evaluation. It is felt 
that the MBM system will be better suited for television 
signals because of its superior transient response. 
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